TreeAge Pro

TM
Formerly named DATA Pro, TreeAge Pro TM (TreeAge Software, Inc., Waltham, MA, USA) is popular modelling software capable of computing expected values of Markov models as well as deterministic sensitivity, threshold and probabilistic sensitivity analysis via secondorder Monte Carlo simulation. TreeAge Pro TM is also able to run microsimulations via firstorder Monte Carlo simulation. Advanced value-of-information analysis features in TreeAge include expected value of partially perfect information analysis via two stacked secondorder Monte Carlo simulations. While value-of-information analysis based on microsimulation models can be run "out of the box" in three-dimensional models, it is not possible to run simple deterministic sensitivity analysis on models requiring microsimulations in TreeAge Pro TM . A relatively new analysis type, cost-effectiveness sensitivity curves, requires repeated runs of second-order Monte Carlo simulations (O'Day et al., 2010) . This is also not natively supported by TreeAge Pro TM .
Chapter objectives
This chapter will explain the techniques to automatically run Monte Carlo simulations, in TreeAge Pro, which potentially saves decision scientists valuable time and energy. The text will provide the open-source codes for Excel®-and Visual Basic®-based interfaces to run these analyses as well as to adapt and develop them further.
General materials and methods
Object-oriented programming
In general, the goals of Object-Oriented Programming are (1) to re-use programs and subprograms; and (2) to ease the use by allowing programs to be accessed by other programs. In Object-Oriented Programming, objects are defined classes, methods, or other "building blocks". That means that objects can initiated and reused by other objects (created, accessed by other programs). Objects have certain behaviours (the things it can do, or features), and objects will have certain characteristics (attributes, fields, parameters, data, or properties). They can exist in a certain hierarchy where a daughter instance "inherits" all objects from the mother instance. This again eases the use of the coder as he/she does only need to define objects once and for all.
TreeAgeProLib
TreeAge Pro TM features graphical user interface, TreeAge Pro TM as we know it. However, starting with version 2007, TreeAge Pro TM also includes an object or "scripting" interface which provides access from other programs. TreeAge Pro Suite/Excel installs an "add-in" to Excel that adds TreeAge Pro TM objects to be accessed by Excel (see below for preparations in Excel® and Visual Basic®). "TreeAgeProLib" is an object library that implements a standard COM interface to create and access TreeAge Pro TM objects in any program, script, or macro can create or access TreeAge Pro TM objects through this interface. An object interface enables automating of tasks that are common, repetitive, and timeconsuming, e.g., (re)setting a tree's variables from outside TreeAge Pro TM , automatically running a set of analyses, or automatically exporting results. The object interfaces integrates www.intechopen.com
TreeAge Pro TM functions into other systems or applications like Excel® via Visual Basic®, into websites (via Microsoft®'s .ASP technology), or into models programmed for examples in C++. The object browser is included in the Microsoft Visual Basic® for Excel® editor and shows object properties and methods. The objects available can be browsed in Visual Basic® by choosing Object Browser from the "View" menu or by simply pressing <F2>. After choosing the TreeAgeProLib, one can browse as well as search all objects and see descriptions and syntaxes (please see Figure 1 ). 
Preparations in Excel® and Visual Basic®
Please note that Excel® needs to be able to execute macros. You can tell Excel® whether is shall accept macros at Tools > Options > Security > Macro security. In order to execute our macro, you need to put the macro security level to medium (or low). You will then be prompted about whether you want to allow macros when opening the spreadsheet file. The Visual Basic® editor can be opened in Excel® by pressing Alt + F11. In Microsoft Office® Excel® versions 2007 and 2010, the editor can be reached via the developer tab in the "ribbon". First, the TreeAge Pro Suite add-on in Excel® needs to be enabled. This adds TreeAge objects that can then accessed by Excel®. Click on Tools > References and make sure that the reference "TreeAge Pro 2009.0.0 Type Library" is enabled (please see Figure 2 ).
Fig. 2. References in the Visual Basic® Editor
In the tree view on the left, click then on "Module1" (under VBAProject (filename) > Modules) if it is not already opened in the editor.
Automating deterministic one-way sensitivity analysis in Markov Models requiring first-order Monte Carlo simulations
Next we tackle the generic script that was constructed which enables the performance of automated deterministic one-way sensitivity analyses in Excel employing microsimulation models. We use object-oriented programming to access the TreeAgeProLib objects of the TreeAge Pro Excel® add-in to perform a specified number of first-order Monte Carlo simulations in Excel®. The code in Visual Basic® is given below in the next subsection 3.1. In the subsequent section 4 we will then discuss an easy way to access the script.
Visual Basic® code
The goal of the script is to run a file in TreeAge repeatedly while varying one parameter during each run, and subsequently output the results. More specifically, the coding objectives are to 1. open the tree; 2. loop for the purposes of running model for each value that the sensitivity analysis requires; BasicStats, to access the costs and effectiveness resulkts Given below is a sample code that needs to be put into the Visual Basic® for Excel® editor. Please note that every line that starts with an apostrophe (') and in the colour green is just a comment line and not necessary for the program. Please also note that terms in italics need to be replaced with either the name of the appropriate worksheet or the appropriate cell number for the input parameters.
Sub one_way_w_two_strategies() 'the locations and name of our model; "" means that the currently opened tree is being used Const pkgname = "" 'number of microsimulations Dim runs As Double 'start row and current row Dim srow As Integer Dim currow As Double 'variable of interest Dim var As String 'startvalue, number and value of interval (between the values) Dim nInter As Integer Dim vInter As Double Dim sval As Double 'seeding Dim seedN As Long Dim seedB As Integer 'declaration of variables for use within the loop Dim i As Integer Dim cur As Double Dim cur_string As String Dim root As NodeObj Dim mcParams As New MonteParams Dim mcOutput As MonteOutput Dim cstats_nt As BasicStats Dim cstats_t As BasicStats Dim estats_nt As BasicStats Dim estats_t As BasicStats Dim err2 As Long www.intechopen.com 
Excel® spreadsheet
In addition to the script, a spreadsheet was constructed in Excel® (please see Figure 3 ). The workbook allows one to make use of the script without programming knowledge. The script and spreadsheet (as well as the script that comes with it) is generic for all TreeAge decision trees with two strategies and Markov nodes The spreadsheet, which includes the script as a macro, acan be downloaded from the author's website www.hcval.com.
Automating cost-effectiveness sensitivity curves in Markov Models requiring second-order Monte Carlo simulations
Analogous to the previous section, let us explore if there are applications that make it worthwhile to also automate second-order Monte Carlo simulations and how they can be realized. One possible application is expected value of partially perfect information analysis, which requires either two stacks of second-order Monte Carlo simulations, or even, if first-order Monte Carlo simulation is required to derived expected values, three levels of analysis.
www.intechopen.com Cost-effectiveness sensitivity curves are a combination of one-way sensitivity analysis and probabilistic sensitivity analysis. For each curve, one willingness-to-pay level needs to be specified, let us say by convention $50,000/QALY and $100,000/QALY. One parameter of interest is varied and, for example, plotted on the x-axis. For each value that this parameter can take in the range specified on the x-axis, a separate second-order Monte Carlo simulation has to be run. In this type of analysis, we plot the proportion or percentage of runs that were at or below the specified willingness to pay threshold on the y-axis. It would be desirable to run these kinds of analyses either in normal deterministic Markov models or in those requiring First-order Monte Carlo simulations (because tracker variables are used). Unfortunately, the methods to extract the necessary values from second-order Monte Carlo simulations are currently not specified for the object in question, MonteOutput. Hopefully, in the future this will be supported by TreeAge Pro.
Example
Consider a simple example: a Markov model with two states, alive and dead, that nevertheless represents a chronic diseases that has a higher probability of recurrence and a worse quality of life (morbidity) as well as a higher risk of death (mortality) Although this is such a minimalistic model, it is possible to add complexity by other means: e.g., a third state, recurrence, could be modelled within the alive state when a tracker variable, let us call it {Disease}, assumes a certain value. Every time a patient gets a recurrence, the value of the tracker variable goes up by one. The tracker variable then in turn influences the transition probability of the recurrence, the transition probability to death (mortality), costs (severer disease might be more expensive), and utility (multiple recurrences might be associated with lower health-related quality of life). Please see Table 1 for the actual variable definitions in this example. Figure 6 . As can be seen, the lines are not smooth or (in case of a linear function) straight. This is the result of the model relying on first-order Monte Carlo simulations. However, with increasing sample size, the smoothness of the lines should approach the level of deterministic analysis. 
Other applications
Conclusions
Linking TreeAge Pro and Microsoft Excel® via Microsoft Visual Basic® allows the automatic performance of multiple deterministic sensitivity analysis in first-order-Monte Carlo simulations.
The automatic deterministic sensitivity analysis in models requiring first-order-Monte Carlo simulations can be run conveniently via Excel® spreadsheets, with no programming knowledge necessary. A sample worksheet in Excel® for all TreeAge decision trees with two strategies and Markov nodes allows for use of the script without programming knowledge and can be downloaded from the website www.hcval.com. However, it is currently impossible to automate second-order Monte Carlo simulations in any meaningful ways. An example where this would be helpful is the automatic calculation of cost-effectiveness sensitivity curves based on multiple probabilistic sensitivity analyses based on second-order Monte Carlo simulations (O'Day et al., 2010) .
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